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(Title of the Invention] 

HEAT-RESISTING FERRITE STEEL PLATE SUPERIOR IN CREEP STRENGTH AND 
TOUGHNESS OF BOTH ITS BASE MATERIAL AND WELDED JOINT AND 
METHOD OF PRODUCING SAME 

[Abstract] 
[Object] 

Provided are a heat-resisting ferrite steel plate superior in creep strength and 
toughness of both its base material and welded Joint and a method of producing the same. 
(Solving Means] 

Heat-resisting ferrite steel plate including Mg-containing oxide particles having a 
particle diameter of 0.002 to 0,1 pm containing C, Si, Mn, P, S, Cr, AI, 11, Mg, and N 
respectively in particular content ranges, one or both of Mo and W respectively in 
particular content ranges, one or more of V, Ta, Nb, Zr respectively In particular content 
ranges, and the balance of Fe and unavoidable impurities; and one or more of composite 
particles having a particle diameter of 0.005 to 2 fim consisting of the Mg-containing oxide 
and carbide/nitrides precipitated thereon as core; in a total amount of 1*10 4 to 10* 
pieces/mm 2 . 

[Claims] 

1. A heat-resisting ferrite steel plate superior in creep strength and toughness of 
both its base material and welded joint, characterized by including 
Mg-containing oxide particles having a particle diameter of 0.002 to 1 pin and containing 
the following elements (content by wt%): C (0.03 to 0.2%), Si (0,01 to 1%), Mn (0.01 to 
3%), P (0.02% or less), S (0.01% or less), Cr (0.5 to 13%), Al (0.001 to 0.1%), Ti (0.003 to 
0.1%), Mg (0.0001 to 0.015%), and N (0.002 to 0.1%), 
one or both of the elements (content): Mo (0 J to 2%) and W (0.5 to 4%), 
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one or more of the elements (content): V (0-01 to 0.5%), Ta (0-02 to 1%), Nb (0.005 to 

0.5%), and Zr (0,005 tu 0.1%), and 

the balance of Fe and unavoidable Impurities; and 

one or more kinds of composite particles having a particle diameter of 0.005 to 2 fim and 
consisting of the Mg-containing oxide and a carbide/nitrides precipitated thereon as core; 
in a total amount of 1*10 4 to 1*10* pieces/mm 2 . 

2. The heat-resisting ferrite steel plate superior in the creep strength and the 
toughness of both its base material and welded joint according to Claim 1, characterized 
by containing additionally one or more of the following elements (content by weight); 
Cu (0,05 to 1.5%), Ni (0-05 to 3%), Co (0.05 to 5%), and B (0.0002 to 0.005%). 

3. The heat-resisting ferrite steel plate superior in the creep strength and the 
toughness of both its base material and welded joint according to Claim 1 or 2, 
characterized by containing additionally one or more of the following elements (content by 
weight): 

Y (0*001 to 0.1%), Ca (0.0005 to 0.01%), and REM (0.005 to 04%). 

4. A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
any one of Claims 1 to 3, characterized by adding Mg, H, and Al simultaneously to the 
molten steel having a dissolved oxygen content of 0.001 to 0.02% and then casting the 
mixture. 

5. A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
any one of Claims 1 to 3, characterized by adding Mg and Ti and finally Al to the molten 
steel having a dissolved oxygen content of 0.001 to 0.02% and then casting the mixture. 

6. A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
any one of Claims 1 to 3, characterized by hot rolling the steel plate, normalizing or 
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quenching the steel plate at a temperature of the Ac 3 transformation point or more, 
1150°C or lower, and tempering the steel plate at a temperature of 600°C or higher and 
less than the Ac, transformation point 

7. A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
any one of Claims 1 to 3, characterized by heating the steel plate to a temperature of 1050 
to 1300°C, rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 
50% at a roiling initiation temperature of 950°C or higher and a rolling termination 
temperature of 900°C or higher, hot rolling the steel plate finally to a cumulative rolling 
reduction rate of 50 to 90% at a rolling initiation temperature of lower than 900°C and a 
rolling termination temperature of 700°C or higher, and then tempering the steel plate at a 
temperature 600°C or higher and less than the Ac, transformation point 

8. A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
any one of Claims 1 to 3, characterized by beating the steel plate to a temperature of 1050 
to 130Q°C, rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 
50% at a rolling initiation temperature of 950°C or higher and a rolling termination 
temperature of 900°C or higher, hot rolling the steel plate finally to a cumulative rolling 
reduction rate of 50 to 90% at a rolling initiation temperature of lower than 900°C and a 
rolling termination temperature of 700°C or higher, cooling the steel plate to 300°C or 
lower at an accelerated rate of 5 to 100°C/s, and tempering the steel plate at a temperature 
600°C or higher and less than the Ac, transformation point 

9. The method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
Claim 4 or 5, characterized by hot rolling the steel plate, normalizing or quenching the 
steel plate at a temperature of the Ac, transformation point or more and 1150°C or lower, 
and additionally tempering the steel plate at a temperature 600°C or higher and less than 



the Ac, transformation point 

10. The method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint according to 
Claim 4 or 5, characterized by heating the steel plate to a temperature of 1050 to 1300°C, 
rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 50% at a 
rolling initiation temperature of 950°C or higher and a rolling termination temperature of 
900*C or higher, hot rolling the steel plate finally to a cumulative rolling reduction rate of 
50 to 90% at a rolling initiation temperature of lower than 900°C and a rolling 
termination temperature of 700°C or higher, and tempering the steel plate at a 
temperature 6*00°C or higher and less than the Ac, transformation point 

11. The method of producing the heat-resisting ferrite steel plate superior In the 
creep strength and the toughness of both its base material and welded joint according to 
Claim 4 or 5, characterized by heating the steel plate to a temperature of 1050 to 1300°C, 
rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 50% at a 
rolling initiation temperature of 950°C or higher and a rolling termination temperature of 
900°C or higher, hot rolling the steel plate finally to a cumulative rolling reduction rate of 
50 to 90% at a rolling initiation temperature of lower than 900°C and a rolling 
termination temperature of 700°C or higher, cooling the steel plate to 300°C or lower at an 
accelerated rate of 5 to 100°C/s, and additionally tempering the steel plate at a 
temperature 600°C or higher and less than the Ac, transformation point 

[Detailed Description of the Invention) 
[0001] 

[Field of the Invention] 

The present invention relates to a heat-resisting ferrite steel plate that is 
indispensable as a heat-resistant structural part for thermal power stations, chemical 
plants, and others, and in particular to a heat-resisting ferrite steel plate superior in the 
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creep properties and toughness of its base material as well as in the creep properties and 

toughness of its welded joint in heat-affected zone (HAZ), and a method for producing the 

same. 

[0002] 

[Prior An] 

Ferrite- based heat-resisting steels having high creep strength are demanded as 
structural parts for use under high-temperature high-stress conditions for an extended 
period of time. Examples of the steels for use in such an application include Cr-Mo steels 
specified by STBA24 (2.25Cr-lMo steel) and SCMV4 (1.25Cr-0.5Mo-0.3V steel) of JIS 
(Japanese Industrial Standard) and the like. In addition, steels based on 9 to 12Cr 
containing one or both of Mo and W and steels additionally containing a carbide/nitride- 
forming element such as Nb, V, or Ta were developed recently. 
[0003] 

For improvement in the high-temperature strength and creep strength of the 
ferrite-based heat-resisting steels, efforts are made to enhance solid solubilization of Mo, 
W, and others, precipitation by carbide/nitride, and dispersion. To make the most of 
these enhancement mechanisms, it is necessary to disperse deposits finely as much as 
possible by controlling the production processes such as hot rolling and heat treatment of 
steel, and thus, optimization of the normalizing tempering treatment, quenching 
tempering treatment, and thermomechanlcal treatment (TMCP) is under study for that 
purpose. 
[0004] 

However, welding is needed for production of these structural parts, and the 
region of the steel plate affected by welding heat (welding beat-affected zone: hereinafter, 
referred to simply as HAZ), where the structure previously optimized by heat treatment 
and others and the deposit distribution are altered, is inevitably lowered in high- 
temperature strength, particularly In creep strength, compared to the region not affected 
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by heat (base material). 
[0005] 

As disclosed in Japanese Patent Application Lald-Open No. 7-238347 as a method 
of improving the strength in HAZ, it is possible to optimize the kinds and the distribution 
of the deposits in the heat-affected zone and give the steel a creep strength almost identical 
with that of the base material by limiting the addition amounts of V and Zr, bat there is no 
method available currently that allows further increase in the creep strength of base 
material and gives a HAZ creep strength equivalent to that of the base material reliably 
independent of the welding process or the post-welding heat treatment (PWHT) condition. 
[0006] 

[Problems to be Solved by the Invention] 

An object of the present invention Is to provide a heat-resisting ferrite steel plate 
superior in the creep strength and toughness of both its base material and welded joint 
that gives a HAZ creep strength equivalent to that of the base material reliably 
independent of the welding process or the post-welding heat treatment (PWHT) condition, 
gives the base material and welded joint in HAZ a creep strength higher than that 
obtained traditionally, and gives the base material and the welded joint in HAZ a 
favorable low-temperature toughness that is important for improvement in the stability of 
structural parts, and a method of producing the same. 
[0007] 

[Means for Solving the Problems] 

The decrease In HAZ creep strength Is caused by degradation of the lath 
structure of the tempering martensite in base material, decrease in dislocation density, and 
growth of deposits in size triggered when the steel is reheated to a temperature from the 
two-phase area to immediately above the Ac 3 transformation point under the thermal 
influence of welding, and in particular, the growth of deposits in size is a predominant 
factor governing the creep properties in a long-term period of, for example, 10,000 hours 
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or longer. Deposits effective for improvement in creep strength include, for example, 
carbides of Mo, Cr, W and others and carbide/nitrides of Nb, Ta, V, Ti and others, and 
both deposits grow in size in HAZ, but the former carbides mainly containing M U C 6 
carbide are larger in the growth in size. 
[0008] 

Thus, if the deposits in HAZ do not grow in size particularly even after a heat 
history of reheating to a temperature from the two-phase area to immediately above the 
Acj transformation point, the HAZ creep strength does not decrease, compared to the 
creep properties of base material. However, when reheated to a temperature from the 
two-phase area to immediately above the Ac, transformation point and to a relatively 
lower temperature, the carbide/nitride is not stable enough or not completely solid 
solubilized, and thus partially solid-sotubilized carbide/nitride is used in growth of the 
deposits which is not so lid- solubilized. In other words, deposits that can be completely 
solubilized or remain completely without change even when reheated to a temperature 
from the two-phase area to immediately above the Ac, transformation point and to a 
relatively lower temperature are unlikely to show a drastic decrease in the HAZ creep 
strength compared to that of the base material. 
[0009] 

The inventors conducted studies on the deposits effective for improving the HAZ 
creep strength from the viewpoints above, and have found that there were no deposit that 
is solid-solubilized completely in a reheating temperature range from the two-phase area 
to immediately above the Ac, transformation point, precipitate finely during the 
subsequent heat history, and remains consistently without growth in size during creep, and 
that there are deposits that are almost not solid-solubilized in the reheating temperature 
range from the two-phase area to immediately above the Ac, transformation point, retain 
the dispersion state without change during the subsequent heat history, and have an initial 
dispersion density larger than those of the carbides and the carbide/nitrides traditionally 
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used widely for improvement in creep strength; and Identified the kinds of such deposits 
and a means for dispersing the same. The oxide is also effective for reduction in the 
particle diameter of the austenite in HAZ formed by heating and also for improvement in 
the toughness in HAZ. 
(0010) 

Dispersion of the oxide is also effective for improvement in HAZ toughness, and 
the Inventors studied various means for improving the toughness of base material for the 
purpose of improving the stability of structural parts by improvement in the toughness of 
base materia] and completed the present invention. The present invention is 
characterized by the following points. 
[0011] 

(1) A heat-resisting ferrite steel plate superior in the creep strength and the 
toughness of both its base material and welded joint, characterized by Including Mg- 
contalning oxide particles having a particle diameter of 0.002 to 1 fun and containing the 
foUowing elements (content by wt%): C (0.03 to 0.2%), Si (0.01 to 1%), Mn (0.01 to 3%), P 
(0.02% or less), S (0.01% or less), Cr (0.5 to 13%) f Al (0.001 to 0.1%), Ti (0,003 to 0.1%), 
Mg (0.0001 to 0.015%), and N (0.002 to 0.1%), one or both of the elements (content): Mo 
(0J to 2%) and W (0.5 to 4%), one or more of the elements (content): V (0.01 to 0*5%), Ta 
(0.02 to 1%), Nb (0.005 to 0.5%), and Zr (0.005 to 0.1%), and the balance of Fe and 
unavoidable Impurities; and one or more kinds of composite particles having a particle 
diameter of 0.005 to 2 urn and consisting of the Mg-containing oxide and a carbide/nitrides 
precipitated thereon as core; In a total amount of 1*10 4 to 1*10* pieces/mm 3 . 

(2) The heat-resisting ferrite steel plate superior in the creep strength and the 
toughness of both its base material and welded joint described in (1), characterized by 
containing additionally one or more of the following elements (content by weight): Cu 
(0.05 to 1.5%), Ni (0.05 to 3%), Co (0.05 to 5%), and B (0.0002 to 0.005%). 

(3) The heat-resisting ferrite steel plate superior in the creep strength and the 
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toughness of both its base material and welded Joint described in (1) or (2), characterized 
by containing additionally one or more of the following elements (content by weight): Y 
(0.001 to 0.1%), Ca (0.0005 to 0.01%), REM (0.005 to 0.1%). 
(0012] 

(4) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
any one (1) to (3), characterized by adding Mg, TI, and Al simultaneously to the molten 
steel having a dissolved oxygen content of 0.001 to 0.02% and then casting the mixture. 

(5) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded Joint described In 
any one of (1) to (3), characterized by adding Mg and Ti and then Al to the molten steel 
having a dissolved oxygen content of 0,001 to 0.02% and then casting the mixture. 
[0013] 

(6) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
any one of (1) to (3), characterized by hot rolling the steel plate, normalizing or quenching 
the steel plate at a temperature of the Ac, transformation point or more and 1150°C or 
lower, and tempering the steel plate at a temperature of 600*C or higher and less than the 
ACi transformation point. 

(7) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
any one of (1) to (3), characterized by heating the steel plate to a temperature of 1050 to 
1300°C, rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 50% 
at a rolling initiation temperature of 950°C or higher and a rolling termination 
temperature of 900°C or higher, hot roOing the steel plate finally to a cumulative rolling 
reduction rate of 50 to 90% at a rolling initiation temperature of lower than 900°C and a 
rolling termination temperature of 700°C or higher, and then tempering the steel plate at a 
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temperature 600°C or higher and less than the Ac, transformation point. 

(8) A method of producing the heat- resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
any one of (1) to (3), characterized by heating the steel plate to a temperature of 1050 to 
1300°C, rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 50% 
at a rolling initiation temperature of 950°C or higher and a rolling termination 
temperature of 900°C or higher, hot rolling the steel plate finally to a cumulative rolling 
reduction rate of 50 to 90% at a rolling initiation temperature of lower than 900°C and a 
rolling termination temperature of 700°C or higher, cooling the steel plate to 300°C or 
lower at an accelerated rate of 5 to 100°C/s, and tempering the steel plate at a temperature 
600°C or higher and less than the Ac, transformation point 

[0014] 

(9) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
(4) or (5), characterized by hot rolling the steel plate, normalizing or quenching the steel 
plate at a temperature of the Ac 3 transformation point or more and 1150°C or lower, and 
additionally tempering the steel plate at a temperature 600°C or higher and less than the 
ACi transformation point 

(10) A method of producing the heat-resisting ferrite steel plate superior In the 
creep strength and the toughness of both its base material and welded joint described in 
(4) or (5), characterized by heating the steel plate to a temperature of 1050 to 1300°C, 
rolling the steel plate roughly to a cumulative rotting reduction rate of 10 to 50% at a 
rotting initiation temperature of 950°C or higher and a rolling termination temperature of 
900°C or higher, hot rolling the steel plate finally to a cumulative rolling reduction rate of 
50 to 90% at a rolling initiation temperature of lower than 900°C and a rolling 
termination temperature of 700°C or higher, and tempering the steel plate at a 
temperature 600°C or higher and less than the transformation point 
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(11) A method of producing the heat-resisting ferrite steel plate superior in the 
creep strength and the toughness of both its base material and welded joint described in 
(4) or (5), characterized by heating the steel plate to a temperature of 1050 to 1300°C, 
rolling the steel plate roughly to a cumulative rolling reduction rate of 10 to 50% at a 
rolling initiation temperature of 950°C or higher and a roiling termination temperature of 
900°C or higher, hot rolling the steel plate Anally to a cumulative rolling reduction rate of 
50 to 90% at a rolling initiation temperature of lower than 900°C and a rolling 
termination temperature of 700°C or higher, cooling the steel plate to 300°C or lower at an 
accelerated rate of 5 to 100°C/s, and additionally tempering the steel plate at a 
temperature 600°C or higher and less than the Ac, transformation point. 
[0015J 

[Description of the Preferred Embodiments] 

Hereinafter, the present invention will be described in detail. The reasons for 
the chemical composition specified in the present invention win be described first C is a 
solid solubility-enhancing element and improves the high-temperature creep strength by 
forming carbide. It also suppresses 6-ferritc formation and improves the toughness. C 
is needed in an amount of 0.03% or more for improvement in creep strength. On the 
other hand, a content of more than 0.2% leads to deterioration in toughness and also in 
welding efficiency by the adverse effects of C per se, and thus, the content of C is limited in 
the range of 0.03% to 0.2%. 
[0016] 

SI Is needed as a deoxidizing element in an amount of 0.01% or more for 
preservation of the integrity of steel. On the other hand, a content of more than 1 % leads 
to deterioration in toughness, and thus, the content of Si is limited in the range of 0.01% to 
1%. 
[0017] 

Mn should be added in an amount of 0.01% or more as a deoxidizing agent. On 



11 



the other hand, a content of more than 3% may lead to drastic increase in Mn segregation 
resulting in deterioration in toughness and creep properties, and thus, the content is 
limited in the range of 0.01% to 3%. 
[0018] 

P and S are impurity elements generally degrading ductility and toughness, and 
these elements are preferably contained in as low amounts as possible. Higher contents 
of P and S cause a problem of deterioration in the creep ductility of heat-resisting steel. 
The upper limit of the P content allowable for reducing material degradation is 0.02% and 
that of the S content is 0.01%. 
10019] 

Al is effective as a deoxidizing element and also in reducing the size of the 
austenite formed during heat treatment As will be described below, It is also effective for 
fine dispersion of MgO and Mg~containlng oxides, which Is needed for improvement in 
HAZ creep properties and HAZ toughness. The content should be 0.001% or more for 
Increasing the advantageous effects. On the other hand, a content of more than 0.1% 
leads to drastic deterioration in ductility and toughness by generation of coarse particles 
of oxide, and thus, the content should be in the range of 0.001% to 0.1%, 
[0020] 

Ti is an element effective for improving the strength of base material by 
enhancing precipitation and also for reduction in the particle diameter of the austenite 
generated by heating, by forming TIN stable even at a high temperature. As will be 
described below, It is also effective for flue dispersion of MgO and Mg-contalning oxides, 
which is necessary for improvement in HAZ creep properties and HAZ toughness. A 
content of 0.003% or more is required for increasing the advantageous effects. On the 
other hand, a content of more than 0.1% leads to deterioration in toughness and ductility 
by generation of coarse deposits and contaminants, and thus, the upper limit is 0.1%. 
[0021 J 
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As will be described below, Mg is an element essential for giving Mg-contoining 
oxide particles having a particle diameter of 0.002 to 0.1 \xm and one or two kinds of 
composite particles having a particle diameter of 0.005 to 2 \im and consisting of the Mg- 
containing oxide and carbides/nitrides precipitated thereon as core, which arc effective for 
improving the HAZ creep properties by enhancement of dispersion and the HAZ 
toughness by reduction in the particle diameter of the austenite formed in HAZ by heating, 
in the total amount of 1*10 4 to 1*10* pieces/mm 2 . The necessity of and the reason for the 
desirable contents of the oxide and the composite carbide/nitride particles grown on the 
oxide as core, which are the basic requirements of the present invention, will be described 
separately in detail, but it is necessary to specify the total Mg content for obtaining a 
favorable distribution state of particles. A total Mg content of less than 0.0001 % leads to 
Insufficient particle number, while a content of more than 0.015% leads to growth of the 
Mg-containing particles into particles drastically coarser in size, consequently to 
deterioration in toughness, and thus, the Mg content is preferably in the range of 0.0001 to 
0.015%. 
[0022] 

N suppresses generation of 6 ferrite, increases the toughness, and forms fine 
deposits such as TaN and VN, Increasing the high-temperature creep strength. Thus, the 
content of N should be 0.002% or more. On the other hand, use of N in an amount of 
more than 0.1% results in deterioration in casting efficiency and toughness, and thus the 
content is preferably in the range of 0.002 to 0.1%. 
[0023] 

Cris an element indispensable for improving the most important properties, 
corrosion and oxidation resistances, at a high temperature together with high-temperature 
strength property, among the properties desirable for heat-resisting steel A higher 
content of Cr is preferable for improvement in the corrosion and oxidation resistances at a 
high temperature, but Cr should be present at least In an amount of 0.5% for obtaining 
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the favorable corrosion and oxidation resistances at a high temperature. On the other 
hand, an excessive addition thereof results in generation of 6-ferrite and deterioration in 
toughness, and the upper limit is 13%, considering the fact that the 5-fenrite generation 
can be suppressed by adjusting the balance thereof with other elements. 
(0024) 

Mo and W are elements most effective for improving high-temperature strength 
and creep strength and have actions almost similar to each other. The Mo content is 
preferably in the range of 0.3% to 2% and the W content In the range of 0.5% to 4%. An 
amount of Mo added of less than 03%, which leads to insufficient improvement in high- 
temperature strength and creep strength, and an amount of more than 2%, which leads to 
generation of coarse particles of carbide and intermetallic compounds and drastic 
deterioration in toughness, are both unfavorable. W improves the high-temperature 
creep strength drastically, similarly to Mo, but a W content of less than 0*5% results in 
indistinctive effects, while an excessive addition amount of more than 4% to generation of 
coarse particles of the carbide and intermetallic compounds and drastic deterioration in 
toughness, and thus, the content is preferably 0*5 to 4%. Mo and W have qualitatively 
almost the same effects, which are additional, and it is possible to obtain such effects by 
use of one or both of Mo and W. 
[0025] 

It is also necessary to add one or more of V, Ik, Nb, and Zr for more reliable 
improvement in creep strength. V raises the high-temperature creep strength by 
enhancement of solid solubilization and precipitation. The effect is more noticeable at a 
content of 0.01% or more, but addition in an amount of more than 0-5% causes 
deterioration in toughness due to generation of 6-ferrite and in deterioration in welding 
efficiency, and thus, the content is preferably in the range of 0.01 to 0.5%, Ta raises the 
high-temperature creep strength by enhancement of precipitation and is effective for 
reduction in the diameter of 7 particles formed by heating and for improvement in the 
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toughness of base material Thus, the content of Ta should be 0.02% or more. On the 
other hand, a content of more than 1% results contrarily in deterioration in high- 
temperature creep strength and welding efficiency, and thus, the content is preferably in 
the range of 0,02 to 1%. Nb also raises the high temperature creep strength mainly by 
enhancement of precipitation. It is also effective for reduction in the diameter of y 
particles formed by heating and improvement in the toughness of base material. Thus, 
the content should be 0.005% or more. On the other hand, a content of more than 0-5% 
results contrarily in deterioration in high-temperature creep strength and welding 
efficiency, and thus, the content is preferably in the range of 0.005 to 0.5%, Zr also has 
actions similar to those of Nb and Ta; a content of 0.005% or more is needed for obtaining 
the effects, and a content of more than 0.1% also results in generation of coarse particles 
of the oxide and deposits and deterioration in toughness; and thus, the content is 
preferably in the range of 0.005 to 0.1%. 
(0026] 

The reasons for the preferable contents of the primary components in the present 
invention have been described so far, and it is possible to add as needed one or more of Cu, 
Ni 9 Co, and B mainly for Improvement in strength and toughness by control of the 
transformation structure. Nl Improves the toughness by solid*solubilization toughening 
and the strength and toughness by its action of reliable formation of the martenslte 
structure and suppression of 5-ferrite generation. A content of 0.05% or more is needed 
for obtaining the effects, but a content of more than 3% often results in deterioration in 
creep strength, and thus, the content is preferably in the range of 0.05 to 3 %. Cu has 
effects almost similar to those of Nl, and addition in an amount of 0.05% or more is needed. 
On the other hand, a content of more than 1.5% often causes problems such as hot 
cracking of steel plate, and thus, the upper limit of the content is 1.5% in the invention. 
Co has effects similar to those of Ni and is effective for improvement in toughness and 
creep strength by control of the 5-ferrite generation. A Co content of 0.05% or more is 
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needed for that purpose. On the other hand, at a content of more than 5%, the effects 
are saturated and the quenching efficiency is lowered, occasionally leading to 
destabllization of the martens he phase and contrarily deterioration in strength and 
toughness, and thus, the content of Co, when added, b preferably in the range of 0.05 to 
5% in the present invention. B is an element that can improve the quenching efficiency 
of steel by segregation on the grain boundary even at the content in a trace amount, and 
may be added for the improvement in strength and toughness as needed by control of the 
transformation structure. However, a content of less than 0*0002% results in an 
insufficient amount of solid solution and indefinite improvement in quenching efficiency, 
while a content of more than 0,005% results in uncontrolled structure, i.e., generation of 
coarse compounds and drastic deterioration in toughness because of the compound 
functioning as an initial point of breakdown, and thus, the content is preferably in the 
range of 0.0002 to 0.005%, 
[0027] 

In addition, it is also possible to add as needed one or more of Y, Ca, and REM 
for improvement in toughness, in particular In the toughness of welded Joint Y reduces 
the diameter of austenite particles in the heat-affected zone by forming fine particles of 
oxide and sulfide and improves the welding efficiency and the toughness of welded joint* 
It is also effective for the improvement in creep ductility by fixation of oxygen and sulfur. 
A content of 0.001% or more is needed for obtaining the effects, while a content of more 
than 0.1% results in growth of the oxide and sulfide to coarse particles and deterioration 
in toughness on the contrary, and thus, the content is preferably in the range of 0.001 to 
0.1%. Ca also facilitates generation of fine oxide and sulfide particles, reduces the 
diameter of the austenite particles in the heat-affected zone, and improves the welding 
efficiency and the toughness of welded joint. It is also effective for the improvement in 
creep ductility by fixation of oxygen and sulfur. A content off 0.0005% or more is needed 
for obtaining the effects, and a content of more than 0.01% results in generation of coarse 
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oxide and sulfide particles and accelerates deterioration in toughness on the contrary, and 
thus, the content is preferably in the range of 0,0005 to 0.01%. REM has qualitative 
effects almost similar to those of Ca but weaker than those of Mg and Ca, and should be 
added in an amount of 0.005% or more. On the other hand, the upper limit is 0.1%, for 
prevention of generation of coarse contaminants, which exerts adverse effects on 
toughness. 
10028] 

Hereinafter, the reason for favorable range in the kind and the dispersion state of 
the particles needed for improvement in HAZ creep strength and toughness, one of the 
basic requirements of the present invention will be described. The reason for the 
deterioration in the HAZ creep strength of heat-resisting steel is that when a steel material 
is reheated at a temperature from the two-phase region to immediately above the Ac 3 
transformation point, the particles of the carbides such as M^C* containing mainly Mo, 
Cr, and W and the carbide/nitrides such as M(C JO containing mainly Nb, Ta, and V grow 
by welding heat into particles larger than the particles in the normal steel material. 
Namely at a temperature from the two-phase area to immediately above the Ac 3 
transformation point, the deposits, which have a solubility to an unignoreble degree, are 
not stable, and aggregates and grow in size Inevitably in the following processes (cooling 
process, post-welding heat treatment (P WHT), and creep test in welding heat history), 
resulting in decrease in the amount of the precipitation and dispersion enhanced. Also in 
HAZ, all of the deposits are solid-solubilized once in the region heated at a higher 
temperature during beating phase and then precipitate once again in the form of line 
particles in the subsequent cooling process or the post-welding heat treatment (PWHT) 
phase, and thus, the high-temperature strength and the creep strength thereof recover 
almost to the level of base material. 
10029] 

As far as the enhancement of precipitation or dispersion is performed with 
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carbide/nitrides, It is not possible to avoid the aggregation or the growth in size to coarse 
particles of the deposits in HAZ heated at a temperature range from the two-phase area to 
immediately above the Ac 3 transformation point Desirable is a stable deposit having 
almost no solubility in the temperature range, but there Is no deposit having such 
properties. From the point of stability, the first favorable deposit is an oxide, but oxides 
are generally more resistant to fine dispersion and seem to have almost no effect to 
increase the creep strength. 
[0030] 

The Inventors considered that use of oxide is the only possible way for providing 
HAZ with a creep strength equivalent to or more than that of the base material, and have 
studied various means to disperse oxides finely to a degree that allows improvement in 
creep strength. As a result, the inventors have found that it was possible to increase the 
creep strength of HAZ to a value equivalent to or greater than that of the base material, by 
adding "Mg-containing oxide particles having a particle diameter of 0.002 to 1 |im and one 
or more of composite particles having a particle diameter of 0.005 to 2 jim and consisting 
of the Mg-containing oxide and carbide/nitrides precipitated thereon as core in a total 
amount of 1 *10 4 to 1 xio 8 pieces/mm 2 ". They also found that dispersion of the particles 
was effective for redaction in the particle diameter of the austenite formed by heating in 
HAZ exposed to a very high temperature close to the fusion line and also for improvement 
in HAZ toughness. 
[0031] 

The reason for specifying the kind of the oxide to Mg-containing oxide is that 
without the oxide of a strong deoxidizing element Mg, it is not possible to disperse particles 
for improving the creep strength that are stable at the high temperature needed for 
reduction in size of the austenite formed by heating particle diameter in HAZ heated at a 
temperature close to FL at high density. 
[0032J 
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The reinforcement by the Mg-containing oxide particles and the particles 
consisting of the Mg-containing oxide and carbide/nitrides precipitated thereon as core is 
reinforcement by enhanced dispersion, and the reduction in size of austenlte particles is 
brought about by the action of pinning dispersion particles, and thus, the oxide may be In 
a singular form or in a composite form containing the carbide/nitrides precipitated 
combtnedly or closely on the oxide as core. Any kind of carbide/nitride may be used. 
[0033] 

The Mg-contalning oxides according to the present invention include spinel 
compounds mainly containing MgO and Mg but are not limited thereto, and mean oxides 
containing Mg in an amount of 5% or more by wt% as well as any other constituent 
elements* Thus, elements other than Mg and O, for example deoxidizing elements such 
as Ti, Al, Mn, Si, and Ca, may be contained in an amount of approximately 20 wt% may 
be contained as the constituent elements. In addition, oxides in any crystal structure may 
be used. However, spinel oxides containing one or more of AI, Ti, and Ca in addition to 
Mg as the principal elements are preferable as oxides allowing more stable fine dispersion. 
[0034) 

The density of the Mg-containing oxide or the particles consisting of the Mg- 
containing oxide and the carbide/nitrides precipitated thereon as core is defined by the 
density needed for making the improvement in creep strength thereby greater than the 
improvement in the creep strength of base material by the carbide/nitride and the density 
needed for making the austenhe particle diameter in the HAZ heated at a temperature 
close to FL significantly Independent of the welding process or welding heat inputted and 
reducing the size of the particles reliably. Based on experimental results, the density of 
the Mg-containing oxide particles having a particle diameter of 0.002 to 0.1 fim or the 
composite particles having a particle diameter of 0-005 to 2 ujn consisting of the Mg- 
containing oxide and carbide/nitrides precipitated thereon as core is specified in the range 
of 1 xio 4 to 1 xio* pieces/mm 3 in the present invention. The lower limit of particle 
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diameter is defined, because at a particle diameter of less than the lower limit dispersion 
enhancement per particle is insufficient, and the pinning effect for restriction of ausfeoite 
growth in HAZ is insufficient. On the other hand, the upper limit of particle diameter is 
defined, because coarse particles having a particle diameter of larger than the upper limit 
often cause adverse effects on the toughness. 
f00351 

As for the number of particles, the pinning effects for improvement in creep 
strength and on the austenite in HAZ at a temperature close to FL are insufficient at a 
particle number of less than lower limit, while the action of reducing the size of austenite 
particles becomes saturated and an excessive content of the oxide or the carbide/nitride 
may lead to deterioration in the ductility and the toughness of steel material at a particle 
number of more than the upper limit 
{OOM] 

Identification and determination of the size and the number of particles 
according to the invention are preferably performed under an electron microscope. The 
magnification during observation or measurement may be varied according to the 
distribution state of the oxide, but it is preferable to identify the kind of the particles and 
the average size and number of particles by observing or measuring in 10 or more visual 
fields at a magnification of 1 to 30,000 times. In addition, the particle measurement is 
preferably performed at the central region of the steel material in the thickness direction. 
It is because it is most difficult to secure the number of oxide particles in the central region 
of the plate in the thickness direction, where the solidification speed is lowest, and thus, if 
the oxide number of particles satisfies the requirement of the present invention in the 
central region of the plate in the thickness direction, the number is surely larger in other 
regions than in the centra] region of the plate In the thickness direction. 
|0037] 

As described above, If the Mg-containlng oxide particles or the particles 
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consisting of the Mg-containing oxide and the carbide/nitrides precipitated thereon as core 
are dispersed at the density specified in the present Invention, the particles are effective 
independent of the means for dispersion, but the present invention also provides a method 
of dispersing the oxide particles or the particles of carbide/nitrides precipitated on the 
oxide as core optimally. Namely, for dispersing the oxide particles at high density in a 
steel material thickness and size for use as a steel material or structural material, most 
useful practically is a method of adding the oxide-forming elements as deoxidizing 
elements to the molten steel and making the elements precipitate as oxides in the molten 
steel or during solidification (deoxldlzation method). The inventors studied various 
means for dispersing the Mg-containing oxide at high density by the deoxidization method, 
and have found that the O (oxygen) content before addition of the deoxidizing elements 
and the order of adding Mg and other deoxidizing elements are the factors most influential 
on the size and number of the oxide particles. Typical requirements Include "Mg, Ti, and 
Al are added simultaneously to a molten steel having a dissolved oxygen content of 0.001 to 
0.02% and then the mixture is cast into a steel plate" and "Mg and Ti and finally Al are 
added to a molten steel having a dissolved oxygen content of 0.001 to 0.02% and then, the 
mixture is cast Into a steel plate". 
(0038] 

That is, for fine dispersion of the Mg-containing oxide, it Is necessary to specify 
the dissolved oxygen content in the molten steel before addition of Mg. It is because, the 
total amount of the formed oxide often becomes Insufllclent at an oxygen content of less 
than 0.001%, while coarse particles of the oxide are formed and the number of fine 
particles decreases, and the coarse oxide particles may exert an adverse effect on the 
toughness at an oxygen content of more than 0.02%. In adding Mg to the molten steel, 
the order of adding Mg and other deoxidizing elements, in particular Ti and Al, has a 
great influence, and fit is preferably to add Mg, Ti, and Al simultaneously, or to add 
separately Mg and Ti, whichever is earlier, and finally Al. By controlling the addition 



21 



order in this manner, it is possible to produce MgO and Mg-containing oxide particles 
more uniform in size and greater in number Alternatively, when Ca, which has actions 
similar to those of Al, is added for the purpose of Improving the ductility or the like, it is 
preferable to add Ca simultaneously with Mg or to add Ca simultaneously with Al or after 
addition of Al, if Ca is added separately. 
[0039) 

When Mg, Ti, Al, and Ca are added separately to the molten steel, the time 
interval, if in the range practical industrially, does not have a large influence on the 
particle dispersion or the quality of steel. However, the period from first to last addition 
is preferably not longer than two hours. Experimental results showed that the separate 
addition had almost the same effect as that of simultaneous addition when the addition 
interval is a short period of time of shorter than 30 seconds, and thus, in the present 
invention, separate addition with an addition interval of shorter than 30 seconds is 
regarded as simultaneous addition. 
[0040] 

Any kind of Mg may be added to the molten steel. Pure Mg and materials 
containing an alloy of one or more of Fe, Si, Ni, Cu and others as the base alloy give the 
same effects, when added in an amount compatible with the chemical composition range of 
the present invention, taking the yield into consideration. Similarly, any form of other 
deoxidizing element may be used. When a base alloy is used, the Mg content in the base 
alloy is also arbitrary. 
[0041] 

As described above, steels containing the Mg-containing oxide and the particles of 
the oxide and carbide/nitrides precipitated thereon as core dispersed favorably have 
consistent creep strength and HAZ toughness, independent of heat history. Accordingly, 
the present invention shows almost the same effects by any welding methods including 
general arc welding such as hand welding, CO, welding, submerge welding, TIG welding, 
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and MLG welding; large-heat-input welding such as electro-gas arc welding and electro- 
slag welding; and electron beam welding and laser welding. 
[0042] 

Hereinafter, requirements for obtaining the properties of base material, one of 
the objects of the present invention, will be described. In the invention, it is aimed at 
improving the creep strength of base material and HAZ and the HAZ toughness, by 
optimization of chemical composition and proper dispersion of the Mg-containing oxide 
particles and the particles of the oxide and carbide/nitrides precipitated thereon as core. 
It is possible to provide the base material with a toughness equivalent to HAZ toughness if 
the chemical composition satisfies the requirement of the present invention, and the 
present invention provides a method of improving the toughness of base material further. 

Specifically, (1) a steel billet is converted into a steel plate by hot rolling; and the 
steel plate is normalized or quenched at a temperature of the Ac, transformation point or 
more and 1150°C or lower and tempered at a temperature 600°C or higher and less than 
the Ac, transformation point. 

(2) A steel billet is heated to a temperature of 1050 to 1300°C; the steel billet is 
rolled roughly to a cumulative rolling reduction rate of 10 to 50% at a rolling initiation 
temperature of 950°C or higher and a rolling termination temperature of 900°C or higher, 
rolled Anally to a cumulative rolling reduction rate of 50 to 90%, at a rolling initiation 
temperature of 900°C or lower and a rolling termination temperature of 700°C or higher, 
cooled to 300°C or lower, tempered at a temperature of 600°C or higher and less than the 
Ac, transformation point, and as needed, cooled to 300°C or lower at an accelerated rate 
of 5 to 50°C/s after rolling. 
(0043] 

The method (1) is used when a steel plate is produced by reheating heat treatment, 
and the steel plate is normalized or quenched and then tempered, the austenltizlng 
temperature during normalizing or quenching should be Ac 3 transformation point or more 
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and 1,150°C or lower, because a temperature lower than the Ac, transformation point may 
lead to growth of deposits in size and to deterioration in strength and toughness, while a 
temperature of higher than 1,150°C may lead to growth of the austenite formed by heating 
particle diameter into coarse particles, resulting in deterioration in toughness. 
(0044] 

A steel having a chemical composition in the range of the present invention range, 
which has high quenching efficiency, obtains the bainlte or martensite structure, almost 
independent of the cooling condition after austenitizatioa; and thus, there are no 
differences in transformation structure and consequently In mechanical properties 
between the steels produced by normalizing, Le., cooling at the level of air cooling, and 
quenching, i.e., accelerated cooling such as water-cooling or oil cooling system; therefore, 
either normalizing or quenching may be used in the present invention. However, gradual 
cooling is not favorable, because it is necessary to form a fine uniform structure by heat 
treatment for Improvement in strength and toughness. The cooling speed is preferably 
0 J°C/s or more at the lowest 
[0045] 

When a steel plate is produced by the normalizing or quenching and tempering 
treatments according to the present invention, the steel plate may be processed under any 
hot rolling condition, because the influence by the prior heat history is eliminated in the 
austenltizing phase during normalizing or quenching. However, it is preferable to keep 
the steel plate-reheating temperature during hot rolling to a temperature of lower than 
1300°C, If the surface state of the steel plate is desirably kept favorable. 
[0046] 

The method (2) is a method aimed at improving the toughness by 
thermomechanlcal treatment, which increases the strength and toughness by introduction 
of the processing distortion due to reduction in the size of anstenite and caking (expanding 
austenltizatlon) caused by thermomechanlcal treatment The requirement is that the 
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steel plate is produced by heating the steel plate to 1050 to 1300°C, rolling the steel plate 
roughly to a cumulative rolling reduction rate of 10 to 50% at a rolling initiation 
temperature of 950°C or higher and a rolling termination temperature of 900°C or higher, 
rolling the steel plate finally to a cumulative rolling reduction rate of 50 to 90% at a rolling 
initiation temperature of lower than 900°C and a rolling termination temperature of 
700°C or higher, cooling the steel plate to 300°C or lower, and then tempering the steel 
plate at a temperature of 600*0 or higher and less than the Acj transformation point 
(0047] 

The steel plate Is heated at a temperature of 1050 to 1300°C, because elements are 
less solubilized at a heating temperature of lower than 1050°C, resulting in deterioration 
in strength and creep properties, while the y particles heated grow in size into coarser 
particles at a temperature of higher than 1300°C, making It difficult to reduce the size 
even by the subsequent control rolling and thus leading to deterioration in toughness. 
[0048] 

Rolling is conducted separately by rough rolling and final rolling* The rough 
rolling is mainly aimed at adjusting the plate thickness before final rolling, but the 
cumulative rolling reduction rate is set to 10 to 50%, the rolling initiation temperature to 
950°C or higher, and the rolling termination temperature to 900°C or higher in the 
invention, for the purpose of reducing the size of y particles to some extent At a 
cumulative rolling reduction of less than 10%, the y particles do not recrystallize definitely 
and may result in abnormal growth of the particles. For reduction in the size of y 
particles, a higher cumulative rolling reduction rate is preferable, but the rate is set to 
50% or less for ensuring a certain cumulative rolling reduction rate in the following final 
rolUng step. Alternatively, as for the rolling temperature, because of the requirement 
both in reduction in size by recrystallization and the degree of freedom in the following 
final rolling step, the initiation temperature Is set to 950°C or higher and the termination 
temperature to 900°C or higher. It is because the reduction in size is insufficient at an 
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Initiation temperature of higher than 950°C and the temperature in the following final 
rolling step may decrease excessively at a termination temperature of lower than 900°C. 
[0049J 

The final rolling after rough rolling is aimed at reducing the sire of y particles by 
processing and recrystallization and introduction of the processing distortion by rolling in 
the non-recrystallization region. The reduction in size of the y particles is effective for 
improvement in toughness, while the introduction of the processing distortion by rolling in 
the non-recrystallization region is effective for improvement in strength and creep 
properties. As for the final rolling conditions, the cumulative rolling reduction rate is set 
to 50 to 90%, the rolling initiation temperature to lower than 900°C, and the rolling 
termination temperature to 700°C or higher. The reduction in size of y particles is 
insufficient at a cumulative rolling reduction of less than 50%. A higher cumulative 
rolling reduction rate is advantageous for reduction in size of y particles and introduction 
of distortion, but a rate of more than 90% causes saturation of the effect and troubles, for 
example, in maintaining the rolling temperature, and thus, a practical range is 50 to 90%, 
(0050) 

The rolling initiation temperature is lower than 900°C, because it is difficult to 
introduce the dislocation that is effective for improvement in strength at a temperature of 
900°C or higher. Alternatively, the rolling termination temperature is 700°C or higher, 
because coarse proeutectoid ferrite and bainite may be generated during or after rolling, 
deteriorating the strength and toughness, at a termination temperature ofless than 700°c: 
[0051] 

The cooling after rolling may be conducted in any way, either gradual cooling, 
water-cooling, or the like, if the composition of the steel plate Is in the chemical 
composition range according to the present invention and in the range that does not 
transform the proeutectoid ferrite phase. However, the steel plate should be cooled to 
300°C or lower, because martensite transformation should be completed before tempering 
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treatment. It is occasionally preferable to use accelerated cooling depending on the 
chemical composition for obtaining desirable mechanical properties, and in such a case, 
the cooling speed should be 5°C/s or more to enhance the effect of accelerated cooling. 
The cooling speed is preferably as high as possible for enhancing the effect of accelerated 
cooling, but the upper limit of cooling speed during accelerated cooling is set to 100°C/s or 
less, because of saturation of the effect and for suppressing excessive deformation of the 
steel plate. 
(0052] 

Tempering treatment b essential for adjustment of the strength and toughness 
after hot rolling, and the tempering temperature is in the range of 600°C or higher and 
lower than the Ac x transformation point. It is because it is necessary to recover the 
matrix and disperse deposits adequately by tempering for Cr- and W-containing steels as 
used In the present invention and thus to use a tempering temperature of 600°C or higher, 
but untempered martensite may be generated from reversely transformed y particles and 
deteriorate the creep properties and the toughness at a temperature of Ac 1 transformation 
point or higher. 
10053] 
[Example] 

The requirements in the present invention have been described so far, and 
hereinafter, the advantageous effects of the present Invention will be described with 
reference to Examples. Steel plates were prepared by using the test steels having the 
chemical composition shown in Table 1 under the preparative conditions shown in Tables 2 
and 3. Table 2 shows the preparative condition for steel plates and the dispersion state of 
Mg-containing oxide. Evaluation results of the mechanical properties of the steel plates 
prepared (tensile properties, toughness, creep-breaking properties of base steel materials 
and creep-breakiog properties and toughness of joints) are also shown in Table 3. 
(0054J 
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The tensile properties of base materials were determined at room temperature 
and 600°C, by sampling a round-bar tensile test piece from die plate central in tbe 
direction orthogonal to the rolling direction (C direction). The creep-breaking properties 
of base materials were also determined at a test temperature of 600 to 700°C and a load 
stress of 50 to 200 MPa, by sampling a round bar test piece similarly to the tensile 
properties from the plate central In the C direction. Comparison of creep-breaking 
properties was made with the breaking strengths at 600°CxlOO,000 h estimated from the 
measured breaking periods. The toughness of base materials was evaluated with the 
fracture transition temperature (vTJ as determined by 2 mm V-notch Charpy impact test, 
but the test piece was collected from the central region of the plate in the thickness 
direction in the C direction in a similar manner to the tensile properties. 
[0055] 

The Joint properties were evaluated by using a TIG welded joint having a heat 
input of 1.5 kJ/mm. The creep-breaking test piece was prepared by multilayer welding 
with a single bevel groove in such a manner that the center thereof in the parallel region 
flits to the center of heat-affected zone (HAZ) with the fusion line (FL) present on the 
perpendicular side, and the Charpy test piece in such a manner that the notch position fits 
to the FL, Evaluation methods were the same as those for the base material. A steel 
material having a plate thickness of 25 mm or less was used as it is, while, a steel material 
having a plate thickness of more than 25 mm was made thinner before preparation of the 
Joint In addition, tbe test piece was collected, in the manner that the center of the test 
piece became the region of the steal plate central in the thickness direction. 
[0056] 

The steel materials of Nos. (test plate No.) Al to A17 In Table 3 are steel plates 
prepared according to the present invention, by using the steel test pieces of steel Nos. 1 to 
15 having the chemical composition according to the present invention, Le., having the size 
and the density of the Mg-contalnlng oxide particles and the composite particles of the 
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oxide and the carbide/nitrides satisfying the requirements in the present invention; and it 
is apparent that all of them have a favorable strength, creep-breaking properties, and a 
toughness of base material and favorable creep-breaking properties and a toughness of 
joint at the same time. 
(0057] 

On the other hand, the steel plates of steel material No. (test plate No.) Bl to B9 
in Comparative Examples also shown in Tables 1 and 2, which are not included in the 
scope of the present invention, are drastically inferior in at least one of the properties of 
base material or joint, compared to those of the steel plates of steel material Nos- Al to A17 
prepared according to the present invention. 
[0058] 

The steel materials of Nos. Bl to B7 are examples of steel materials that do not 
have sufficiently favorable properties because they do not satisfy the requirements 
according to the present invention in the chemical composition or the size and the density 
of the Mg-containing oxide particles and the composite particles of the oxide and the 
carbide/nitrides, although they satisfy the requirement for the production process of the 
present invention. Specifically, the steel material of No. Bl, to which no Mg is added, 
contains only Mg-containing oxide formed by the Mg derived from furnace material or 
impurities, but has a very low dispersion density of the Mg-containing oxide particles or 
the composite particles of the oxide and the carbide/nitrides, and is inferior in the creep 
breaking properties and the toughness of both base material and joint The steel 
material of No. B2, to which Mg is added but no Ti is added, has an insufficient dispersion 
density of the Mg-containing oxide particles or the composite particles of the oxide and the 
carbide/nitrides, and inferior in the creep-breaking properties and the toughness of both 
base material and joint The steel material of No. B3 containing an excessive amount of 
Al is inferior in the creep-breaking properties and the toughness of both base material and 
joint, because of inhibition of Mg-containing oxide formation. The steel material of No. 
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B4 containing an excessive amount of C satisfies the requirements for production process 
in the present invention, but shows marked deterioration in particular in the toughness of 
both base material and joint The steel material of No. B5 containing no added Mo or W 
is inferior in particular in creep properties. The steel material of No. B6 containing no 
element forming fine deposits that are effective in improving creep properties is inferior 
particularly In creep properties. It b obvious that the steel material of No. B7 containing 
no Mg added is further inferior in creep properties. 
[0059] 

On the other hand, the steel materials of Nos. B8 and B9, which are examples of 
steel materials satisfying the requirements of the present invention in the chemical 
composition and the size and the density of the Mg-containing oxide particles and the 
composite particles of the oxide and the carbide/nitrides, have sufficiently favorable 
properties compared to the steel materials of Nos. Bl to B7, but are inferior In properties 
to those prepared according to the present invention, because the production process is not 
included in the scope of the present invention. Specifically, the steel material of No. B8, 
i.c, a steel plate prepared by thermomechanical treatment, is insufficient in reduction in 
size of austenhe and introduction of dislocation and slightly inferior in the creep-breaking 
properties and the toughness of base material, because of an excessively high final rolling 
temperature. The steel material of No. B9 is slightly Inferior In the creep-breaking 
properties and the toughness of base material, because the austenite particles are grown 
excessively in size by heating at an excessively high normalization heating temperature in 
the step of heat treatment after hot rolling. 
(0060) 

It is apparent from the Examples above that the present invention allows 
production of a steel favorable both in the strength, creep-breaking properties, and 
toughness of base material as well as the creep-breaking properties and toughness of joint 
[0061] 
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[Table 1) 



[0062] 
[Table 2] 



[0063] 
[Table 3] 
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[0066] 

[Effect of the Invention] 

As appaient from the description above, 



resisting ferrite steel plate having a HAZ creep st rengtb equivalent to that of the base 



the present invention provides a heat* 



process or the post-welding heat 



material independent of the condition of welding 
treatment a creep strength both of basd material and HAZ higher than those of 

conventional materials, and a favorable Iow«temi erature toughness both of base material 

and HAZ, which Is Important for improvement in the stability of structural parts, which is 

! 

superior in the crjeep strength and the toughness )f base material and welded Joint; and Is 

i 

thus extremely effective for industrial application. 
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(57) [CM] 

Wtfr*M6H©C. S I. Mn. P. 
S, Cf, A I , T I, Mat, Nk. f#5£**Bffl<0M 
oatfW<Dl«*fcl*2«, HJc4*Jg*#ffiH(DV, T 
a, Nb. Zr©ia*fcl*2«W±«*WU »WF 

■ atx^3ra^««j^^*y, itt-^a^o. 002- 

StfO. 0 0 5~2/im<Dtt£Mtf-<Dia*f=l42«£ 
*tHM x 1 04 ~1 x 1 08 ffl/mmZ#t?7x5-f ^ 



vrtrn W W I 



[»JRHi] K«%T?. 

C : O. 03-0. 2%. 

Si : 0. 01"1%, 

Mn;0. 0 1 -3%. 

P : O. 0 2%fclT. 

S : O. 0 1 %KTF. 

C r : 0. 5~ 1 3%. 

Al :0. OOI-O. 1%. 

T i : 0. 0 0 3-0. 1 96. 

Mg:0, O001-O. 0 15«p, 

N : O. 002-0. 1%£**L. 

Mo : 0. 3-2%. 

W : O. 5-4%<&1«$*;l*2». 

v : o. o i — o. s%. 

T« : O. 02-1%. 

N b : 0. 0 0 5-0. 5%, 

Z r : O. 005-0. 1 %<Z> 1 «*fcl*2«JeLt£. 

-3. «^S^0. 002-0. 1 «m(0MKt*tt1t«9 

f=fltH<t«ji:A^<f4«I^gA<0. 0 0 5-2*im«>« 
*tt^G>HI*fcli2tt**W-T?1 K10<-1*10 

tflt*W2) ««%T7. 

C u : 0 . 05—1. 5%. 
N i : O. 05-3%. 
C o : O. OS-SW. 

B : O. 0002 — O. O O 5%<7) 1 fr&tzlZ2&&L 

rw*qi3] ks%-c. 

Y : 0. 00 1 -O. 1%. 

Ca : O. 0006 — 0. 0 1%. 

REM; 0. 0 0 5-O. 1 %flj 1 tt*f S li2aja± 

2i=ta«roffl«)a: ^i/icj8»«#(D^ 

(n#a4] 58?*»*«A<0. 00 1-0. O2%0> 
Mg. T i . A I tiaWJcsBttJUfctt, fijjftu 

(1**315] $8#»*»A<0. 0O1-0. 0 2%<75 
Mg, T i . A I £iSJn-f-&(cSRLT. A I £ 

4. W*ttl~3ti>l>rhfrittirE*0Stt&&t;i , = 



IW*iI6] ttfflS&OflL Ae3 KBjSW±. 1 1 
6 0°CmT<Da«T«*fc&LfcSlW*ttA*t£tHV 
«€>lC6 0 0t:Cl±. A ci KOAsaoas-cfiieR 

[»*H7] ifr$1 0 5 0~1 3 00tl:lD»U 
*«BET*a< 10-50 %T?EEJSM5fta«fl< 9 5 OtH 
±. ffa»7a»A<0 0 0 , C6lJ;0>fflSiSSfTofc*. 
5l#tt*. I1ET*A<5 0-9 0%-C. ESEBflttS* 
A<9 0 Ot^l. EffK7a«A<7 0 OiCKl±<Dtt±lf 
Ett£fir3IR|IOEItt<&fc. 6 0 0°C>a±. Act RffljS 

a. 

CM**8] «K£1 0 50-1 3 00 e CI=»l1»U 
JR»ET*A* 10-50 %T?Efi£B8J&;SKA< 9 5 O °C)iL 
±. ffiii*?TaaCA<9 OOtkLh<Z>fflBEffi£lTo/=lfe. 

#9 o ox*ak\ ais«7asA<7 o o«fcja±o>tt±«f 

EB**T5fftlH)ElI«>fft. aoot&lTS-CS-i 0 0 
"c/B-caoa^aiu, &&(=e oo°cfci±. a ci kas 

-^3*fletWtti:«*tfe7x5'(' hSMMfltteKft* 

it. 

[tt*«9j KMEBOf*. Ao 3 xaMm±., i i 

SfciceooTcia-t. aci ftffljS*jBroaft-ctt#R 
ret M*3«4Sf=i*5icEiE<D«»JS 
&w=»»«*(7>9 u-7aactwtticit*tf-px7-f 

11***10] wrt-^1 oso-i 3ooicica]ift 

L . *«ET*A< 10-50 %T?ESE9fl$&aSA< 950 
tJiLt. EE»7aa6<9 O Otia±«>ffiEH£ ff-otz 
ft. 9I#«£. JR«aET*»<5 0-9 o%-e. siHte 
ia«*<9 0 0 c C*j«. SB»7aflEA<7 0 0lCiU±Ott 
±lfttS£*tf3»IVJEffi«)«. 6 0 0°CiaLh. Aci St 

n^*»o>a«if«*H-rct$4#«fr4. bur* 4 

IM*91 1] «it*1 050-1 30 0tJI=toJ» 
U JRWETHW1 0-5 0%T?ESW»jaa^9 5 0 
•OJil±. Ett»7Sftft<9 0 0^L±©»EEE£*T^fc 
tt. *flET^6 0-9 0%-p, EEMtfi 

»«/)<9 O 0°C*jH. EJ£«7aa7!)<7 O O'CljLtOtt 
±lfEE^?Td9ftMEEa)«, 3 0 0 0 CUl-F$T5~1 



[BW<D8»fcBMin 
[000 1] 

tsicMr *«<o*y-:*wti. wtticao*x 
mamz-omimtii (haz> o9y~7«m&iflm* 

[00 0 2] 

J I SSHS8TBA24 (2. 25Cr-1Mo«) . 
S CM V 4 (1. 25Cr-0, 5Mo-0. 3V1) 

2C r £*-*fcLTMo»*aM4W?NIMttfc*lM48l 

[0 0 0 3] ±B7x?* KSWRJ«lc*5lf-6Ka» 
? y— ^58*roisj±(cli. Mo. w^roBS&SHb. 

EJE. B&S«a>tt£*i*£nBl-c;. *rtbto£«;*j* 
!B«-«t$-fr4(fc*A<*y. L«HL 

P> «JS8iE^B5.ih.Xt^. 
[0004] LA>Lfca<?>. C(Da<0«iM&<D«mz 

ItfcWfl- (SHHfcEBfB : KIT. HUCH A Z fcl*5) 

tt) Citt^THSSiJS. fclc?y-:?S&ffcD«TJi<»l7 

[0 0 0 5] HAZ<D&«0>|S].t»j£iLT. WM)¥7 
-23 8 3 47#4>l8l-llfl*$nTl^J;5IC. VfcZ 
r £OS6*Jtt*£«IBr*Ci:lc<*:y. ftgffffi-?0>tir 

wajanB. #**S]Eitu Tauftfcsa 
stpw-. &w3&*mmwmm. ipwhtj 

[0006] 

«»i Hf » H A Z 9 'J t,4v, rfno. 9 



*r. HAzt4,ic. cMMt^-coa^y*.. Bi*?y 

m*^«awttt. «». HAzi:tic&#>5. 
tf»««¥<D? >j - zm&B.v&mz&titz ? x ^ < k 
»wiw«Rfc*a>iia*ai*ji(it-r5cticfc«. 

[0007] 

Tli. »»0>IM&»*S(t*Cil::<fcy. 
Ae3 RB<S«±*-CWtt»$*vT. «*tfl)*»UV^ 
^f>*-f he?xftS«<B4t. BttBBftMETL. «rdl 
ftj^ffl^bt-^fcft-Cfcy. 10O0 0»|8l$ffi 

«.S«td«E«B»M^y— ^WttlcJ3t^T:il. «TtHtt©ffl 

tofcLTI*. Mo. Cr. W*frfcfcS«<b«B£:Nb. 
Ta. V. T i **&>S4«5I<b*BA<».&j4<. S55?»*r 
Ui1i9ttHAZ-CI4Sl*:fb-rSA<. t$l=m«©M 2 3C6 
* •< £ r 6 aMb*Ba>li*<bA<x * is 

[0 0 0 8] ttoT. Rl-ZffiK-Aca K»l»»±l= 
»D0l»*4t«H A Z<D»Bffi£«lf -C=fc«rtti«W<l§*<b 

L««**ttf. «»a>^y-^»iii=tt«LXHAza>^ 

*&. a»b«JI=fctxTI4. =«*-Ac3 KB*B-bfc 

it«w«ai=»inB**ifc*fci*. 3£±(csej6-ci4fcy 

#A<. *BI»ro«ftii1»roffl^:<bi=ffit3tv«. f 
**l==t,3E*lzBjS-r*«Ttt1«j^. ±<at<bL«l>«rUl 

«5-cfc*vi4 . mwz-it^x h a z y — ^«A<n* 

[0009] **W«e>l*. ±Kn&fr*>* HAZ^'J 

*~Ao3 fcfflj&tt-hWfcBfflircJc^lzlBWbi,. 

*<bi*ricfij&i^#fi-r* j: 5 <t«fa»ttji»fc 6<ctx 

B»-^r. *a>«OB«Bl=fc^T*»ttttSS*<ft<b# 
r. *o. fij«<D»*B«A<, tt*^y-^5fijt(Sj±ic 
-ttirffllxfttiT*fc. tWeflHbf»^«H<b«J:yt*: 

^t>-a-T H A Z «14<Dfl±fc t *B -C » * . 

[ooi o] ±IBK1b«»^»icj:y. HAzmmttA^ 
ttteiT^-ray-cfe*. 

[0011] (1) C :0. 03-0. 

2%> Si :0, 01~1%. Mn:0. 01~3%. 
P : 0. 0 S :0. 0 1 %JUT. C r : 



O. 5-13%. A I ; O, OO 1— O. 1%. Tl: 
O. 003-0. 1H. Mg:0. 0001~0. 01 
5%. N : 0. 002-0. 1%£S*rU Mo : 
0. 3-2%. W : 0. S~4%<&i«fcfctt2M. 

V :0. 01— O. 5%. TarO. 02— 1 
%. Nb : 0. 005—0. 5%. Z r : O. 005 — 

o. i%<oi«*f = tt2«Bij:s. **u:s*l. mm 

F e&tf7oT37$&1&^€>& ( J. fro, l&^Fgtfo. O 
0 2-0. 1 //mOMg^WBHtfctt*. Mg 

&*mtn} t c *t stt t c -cttta l fcaa<t«s t fr # 

fcttTFStfO. O O 5 - 2 « m«>«Att7-0> 1 «£f-(3: 
2«£*ttT? 1 x i o* - 1 x i 08 ffl/nm2 ftCt 

(2) «*%"<?. Cu : O. 0 5-1. 5%. N i : 
O. 05-3%. Co : O. OS~S%. B : O. O 
0 0 2-0. 0 0 5%C0l«$fctt2|im±$, £C,iz 

*mr&zt&mtT&* hfe m> icE«a>s*ffc 

O) R*%^. V : O. OOI-O. 1%, c 
a : O. OOOS-O. 0 1%, REM: 0. OOS — 
O. 1%<0ia*f=tt2IUa±€. $&l=*1TT*Ct 

znmfrh* mtB (D (2) izEBowwfc 

h SIMMS. 

coo 12] (4) mn&mmtfo. 001-0. o 

2 %<&»«!=. Mg. Ti. A l £»«H=j$Aa Lfctt. 

a&LxmRtTZ>z.t*vtmtr&, jure (1) - 

(5) »#B**a<o. ooi~o. 0 2%cd&M 
i=. M g . t 1 . a 1 *asnnr*i=»ur. a i s«« 

WE (1) - (3) ©UvfftAMcEKoSttfc £1/1=58 

[0013] (6) j»nnaE(oa. A03 khaki 

-h. 1 1 5 0°CWT(DSff-e«#fc&LfcSlMx«A:h. 

*&i=6oo^cm±. aoi &nA*ft0>iHj£ 

•Ptt^RrctSttftt+S. BflE (1) — (3) OH* 
Wt*i=*h./i y x ? -< h 3RSt»«Ks<D«itt;*Ss. 

(7) f^fcl 05 0-1 30 0°Clr*)|»U *«E 
TJt5A< 10-5 0%TEffiMtBj£SJ!><9 5 0«teJJl±. E 

a»7aaA<9oo°cfei±<oettE*fiofcafc. 3i#m 

£\ *attTJJ3A<5 0-9 0%-e. ESEdfl{*SK*<9 0 

ot*ja. EE»7a«s«7 o o'ceLtaii.tif ess 

5f»miE5i©*, eoo°cm±. Aci S6JBjS*jPK0 



flST?J»*Rrcfc$««fr*. WE (1) - (3) 

a>ixr*t*M=E«<o»*t<t£i;irj8tta*a)^ y—zm 

(8) Htt£l 050-1 3 00^I=A)||&U *«E 
T*A<1 0~5 0%T»aatBB«ja8E^9 5 0 , tBU:. E 
B»7a«*<B o otiaiOfiEUSfr-sfca. 3I3« 

m«l£TWAt5 0~9 0%T?. ESM»*«A<9 0 
0*0*31. EE«7aflEA<7 O OK:«U:a>t£±ffEfiE£ 
ff3fi&(WEJtt<0a. 3 0 0 0 CttT*tS-10 0°C/ 8 
-CtQBJftSIL. ie.lC6 0 0*CJil-t. Aci KB^l*j8 

«>»it-ctt#R-rct«»«fr4. «re (i) - 

( 3 ) roi^-r*lAMzEl!a>ffi*tfc €, tfl=2»tJMHtt>? i) 
-^aSEt»lilC«tvf=Px^-f hJ&WBMHS<7>«Kit7j 

a. 

[0014] (9) BMBEttWfc, a C3 fcffljfiia 
±. 1 1 6 0 t CJSlT«)i«ljSE-C«E*»5:&Lft4lMx«A^ 
SfH*. *6(=6 0 0tia±. Act ft»j{5ifcj*a>SflE 
TtttHtCtJWfflit*. WE (4) Sfctt (5) 
l=E»0)«*«ce.t;ic?B««^(D^ 'J-^»Jtt|Sei= 

( 1 o) 1050-130 o°c(zamaL. j&a 

ET**< 10-5 0%T?ffBEfJfliailllj6<9 5 O'Cfel.k. 

Eat»Ta«*<9oo*cja±fl)aEas*T^fc«. si? 

Mt. JRWET*** 5 0 — 90 %-C. EEMi&aStfg 
0 0TC*2R. SSIt71SA ( 7 O 0*X;ia±<Z)tt±lfE5S 
£tr5*amiHBECD«. eooiCJUJt. Ac| SEtB;5ifc* 

oja/fctt*Birct*««tr4. «re (4) *tzit 

(5) l=E«l©«»<t&t/(=»»«^0^'J-^ii«t 

(11) «WiO5O~i300'Ci:fli»U MM 
ET«a<1 0-5 0%-CEHIIitta«3!i^9 5 CCftU:. 
EaE»TjBS**9 0 0°CKU:(DfflEa£*fT-3fc«. 51* 
*«ET*A<5 0~9 0%-c. EBMteailji^ 
0 0t*l. ESt«7»Kj!><7 0O*tt&Ltfl>tt±lfEE 
*fr3f»HljBE?Btf)lk, 3 0 0°CJslT*t?S~1 0 0 0 C/ 
eTfttffcjMJJL. * &U600tKiJ:. Aci SfclSjSsfc 

aifl)aaT?<jt$RTcts««tt-*. hue (4> 

it (5) icEKroffittfc&tfcfcfcfc^^ij-^a 

[00 15] 

[»wa>sttta)»fflj kit. **f«r=ouT»«icgsiw 

I*. O. 0 3%KU:ifc*T-&4 o -75. o. 2%*4Bjl 

t%1kT&tzto. 0. 0 3%— 0. 2%ICfB3Ef'5. 
[0 0 1 6] S ili. B»»7t*i:LTi&»-C35iJ. »(D 
ffl±<*^5t«^S/=«)|c|*0. 0 1 %fel±^SX-fc*„ 



liro«- v »* f — > <7 / v ■ 

» 



-5. 1 %&«*.* tWttJWSTTifctt. O. 0 1% 
[0 0 1 7] Mnl*. fl»tt*fltl,T0. 0 1 %fcU:BJ!l] 

wii^**&4fs». o. o 1 %~3%icsas-r-6. 

10 0 1 8} P. SI*. *tt«s5E*-C. -ttMlztttt. 
ti>. P. sMATOot? 'J— ^5Etto« 

tUt, P0>-tH£o. 02%. SG>_tlH£0. 0 1% 

[OO 1 9] A I 1$. Jft«7c3Ri:LT*«)-Cft*ttt 

1?**. «ar«<):5U. MAZ^'J — ^«tt 

^HAZWttlRUlC&BncMgO. M B £%BfcfeOT« 

»»tt(r*^-r«». J»**««r^fc«>l^io. 001 
%ia±**-*-« o. i%*ffl^.-ca 
M=**r«&. fi*fc»{b85£»jatT»ix. ira* 

««H=*<b$^*^tf>. 0. 00 1%~O. 1%<D«SH 
[0 0 2 0] Til*, tfrtfj&fcicj: y««gi*i^±ic» 

f*. s&asfsw-rifctfxrrio. oo3Kia±A«|[ 

;6<fcRT?&*. o. l%$fi**.t. fflXfctffl 
8J. tt«1*£»«LT«tI^IStt£S&<b31i-5fc«>. .k 

[002 i] M K ii. *ms*<b(c«ty 

HAZO)^'J-^«tt*(Sl±*-fr. fro. HAZmtDD 
Xf-t-H Httea«8ftlC«J: y H A Zfitt£R±3-tt 
*. 8*8**0. 002-0. i ^mo>Mg«ira<b1& 

fcaH<b*Jt^*>&£|fr?-gjJ<0. 0 0 5~2/<m<&II 
1 V*fcl*'2tt*tMt'C 1X104-1X10 

» ffl/q»z **-e-5f s *>i^3(c!)7cjR-e»*. a&fttbte 

^« tMgi^O. 0 0 0 1 %*SSTM*t!l ; H!R£tSR 
Vff, 0. O 1 5%fi-C»£t. Mgmtitf 

*ftl*0. 0 00 1~0. 0 1 5%0>ttBtT$. 
(0022) Nl*. «S7i7-f KO^ffiSHPfHHJtt* 
*«>. I-3T.N, VN«(DftlWfcffito«s£fl*J*L*£ 

? 'J— ^(73fctoizi*o. ooz%juj: 
-75. 0. 1%iffl**iSJ!nl*iSi£[14. 19 



tx$ffi"F*ttSfc«>. O. 0 0 2~0. 1 %ICfBJET 
4. 

(0 0 2 3) Crl±. Rj&iKDJlfll-r^tWtt^d*.. 

ibtt«fi±*i**f=*l:::FnJ*<D7c*T?&$. fcifi-cro 

»»1fcttS(S)J:a>ri:«)ICI*C r*l**lMSt# 

£Liv5<. »ifi-e<n»*tt. W»<bttS»5i-r4i=»4* 
{£«. o. 5%*si?&4. -ar. a»«»Doiad-7 

i7-f hO£«*<fl&07c*t<D/<5:>;*-t?«]ifl-CS.5c 

•Cfc-S. MoMl"OOXttO. 3%~2%. WICOUT 
1*0. 5%~4%<D«iHjWff3:Ll\, MolCOt^Ttt. 

*oaaD«*<o. 3%*a-eiiKiaa*, ^y-^s 
fflJkx*,*a<»»*;M\ 2%8T?l*«;*:#tt<bfc*>si« 
IBHbfctJJ* fl5« LTWttfc * L < *<b £fctf>#* L 

**u<TO-t *i*y. o. 5%*»-cttaMi 

0. 5~4%lc«jr*-*. fcfc. MotW 

MetW<D5*0>£%&fr 1«-Cfc. SU>i*05:fr£jSJ!)a 

[0 0 2 5] Stic. ^y-^5fi*€«SWi;*i64fc 
ttlCtt. V, To. Nb. Z r<&1«*fc:tt2«Bl±£ 

V— ^SMT -t«>SS*(3:o. 0 1 

%ei±TH*i3a4*«. o. 5%ftffljt4»mtta-r? 

*#*ts«>. O. 0 1-0. 5%(=HSf*. Tali. 

«rai3<bi=«fcyKJi9y--^issisj±*-tf. taturn 

«,<Dfi:ft^ttO. 0 2%fcLt 1 &"refc6 o 1 %S 

ttx4t*a^y-^aia[6«a6ic«TU. 

ffiTSteSfr*). 0. 0 2~1%»ZjfiSf 4. Nbt. 

it LT«fta»<bi=j: y«a^ y-^a««isj±$^ 

£fcjto»rtte©*«<bl=*ft!)l::«e\ 

lS]±*-l*4. w*tfe(Ofc«>frttO. 0 0 S %JU -h(&5-c 

o. 5%*tt*.6fc*a*y-;/aart<i2 

•CftTL. aoSSttttSfiT^-B-^fcto. 0. 005- 
0. 5%l=(8Er*. Zrt Nb, TatltKH»0) 

O0 5%ei±^j|-0fcy. o. i%4fli;tt^ra:yffl;*;fc 
»lb«!i. «rdi«j$©«LT:wtx«>sfe^*t<n£Sfc 

ft. ***$0. 0O5-O. ^IcHSfS. 
[0 0 2 6] W±A^ *«^<D»*«»(0«Sfflffl-Cft 

$^iz,&*r:H;i:r. it ltsc©i§»«>«(|1«i^ 



aur=as. BUfiiisBmtuT. c Ut ni. c 

o. B©l*»1»£f=lt2«ia-hSSflOT*C4:A<?nii 

A<. 3HSffliLT«Wa:-lt4&i:. ^ "J— ^»«*<ST? 
■fc»--S>MlS)A<&i>fc«>, 0. o 5~3%0«Sfflir|HSr 

*. cut. sumicisn i tizimvHDto&zmL. 

*»ffllctet»Tli±IB* 1 . 5%tt4. Cot. 
N i £H<a<D«)*£*L. «-7i5«fKD)fl!*|$aL 

Swi a< njte^7£3R-c fe y . ftG«ta*iw * a l 

io tzt£L % 0 . 0 0 0 2 %*»T? fcBSMiWif 
«T*r. «Att|Sj±3»*A<W«-C^<. ifil=0. 0 0 
5 £ t «*»5Hb£*8£»J* t rMBtHWJ&BS 

U<tB<t5f5«. 0. 0002-0. 005H<DBH»C 

[00 2 7] **lc. «tt. «IC»fctt#tt£lS)J:G>fc 
*5t(tCt. Y» C«» REMCH. 1«* 
fcli2«BL±»tar-6ci:)J^*6. Yli. «ttfcia<b 
*». ttftttSftJrtLT. HMMot- KBS 

BBSBBT* 9<j— 7B& 

o>iB]±(z^r*. ^ff>a»£«w$^ife«)ictto. 

o o 1 *u±£S-cfcU .0.1 %a-ci*B<btt. «<b 
fca<»*fcfc^T. «KW14£fc<b<*li-*fc«>. 0. 0 
01-0. 1 %l=«j6-r5. Cat. BMttttltB. a 
<b*j$»j£L-c. x-rT-'f h«M£$«tt 

K*5. Wll*BSr*c:t(c<J:y. ?y-7Btt0ft± 
IdF^r-S. *(0*&*£lB»*tb**:«>IZl±0. 000 

5<*ja±&»-c&y. o. o i wB-cttBfctt. «<b«» 
ftMtxtttox. ai-Bte*$ifc3if o. oo 
05-0. 0 1 WfcBJE-T*. REMt. 5t14W#5Bl» 
IJCe fclSlSra«-pftSA<. Mb. C a ICtfc<<T8)»>!>< 

»u^=tt. o. oo5%iy.±'&ir*i*'*(fc»)!i<fci. ( , — 

«>a>±Bl*0.' 1 
[0 0 2 8] XlZ. **Wtf)**M#<0— H 



«"C. Mo. Cr. WS±*«RR7t*fr-5M23C6 O 
W<b«^. Nb. Ta. V«£»«tf7C«t-r*M 

(C N) 3ro8tM<b«iA<M;WT?<&ttBi::tt'*T. »* 
<brsfc*>-efc$. -ffl«~Ac3 seisin 

tu«i*££i=i*s£-e«<. t-oBoaa (»tti»ai 
icfcit4)*4pae. ftft&f&fflji (pwht) . *v- 
tkk*) -eoam • a*<b*<aite,*vr. ^o/=«>. 

flrfcbSSlb. #KaHb*jW6T-«-'&. HAZT?t. 

£«B)»f *fc*>. *(oa<D*ipaB*»ttttj»ffl« 

flM*£l5ISB8Bl-*-CBai*B. 9V-?ifc0tl*afl[ 

(00 2 9J 0tBfcBl-<***rUiafc. #«a<bl=<fc.& 
IVtt. H AZC0-ffl«-A C3 *«l*It±flll»ttJ«t? 

©<fc5fctt»<DtttB<b1iJtt#£Lfcl*. KSttfrfr-fti 
If. »-l=IMb«j*<%ji6tv*A<. -ttMl=l*mb«)l* 

[0030] H AZ0)t> >)— 

i~&i.>fc#*. -5"j-^aatisi±-ee-6ii«fl>K{b«5 

*. r^&A^O. 002-0. 1 ilm<0M«**tt<b 
tott^f. feilX. M««WB<b«ltCtit»i:LT«rtt 
U/=0tH<b«!»t*N«.344tt^gA<O. 0 0 5-2^mfl) 
«*tt^© 1 2«€*8fT? 1x104-1x1 

08 «/im2#Oj CtJwJty, HAZfl)^'J-7^lS 

B«^*liHA Zagjtttt (Fusion Lin 
e : FL) «ifi-C**ICW»lC*&*iifcH AZOMIOtt 

^--x-r-y-f htt«««fti=t*fiti-c. MAzfflttroiai 

[0031] B<b«i<Diia*M«$*K<t«ji=fflsri) 

coil. BBM3cB-eft«M S ^&ft«Mfb1b7«:i^. 
* »J-^?4Jt*K«()S, FLifi«fl5HAZ<Dttll!fe 
^-^ft-f htttS*«tt<br*r_»(::i&Sfc?«jS*S 

[0 0 3 2] M B **Sft«Jtt^, B'J:tf. Mgtftit 

<btot ureftt LfcetK<b<sii:Axe,Jii,«i^ 

*-^<5filbi*»«5Sfci=J:*ta)-c»'Sf=to. 
-^tt-f htaa>«B<bi*»ttitt^<Dtf>ih«)«ajiiic«): 

4t<&T?a>Sfe*>. 8Mbttil*Jll^«)JK!BT't. ^f=. « 



TTPTJ *- «-f V» I I 27 / O I 



[0 0 3 3) *»W-eMgdWSHb«!)£LTI*. 
±l=l*MgO. MgS^rixe^/UA^ft*^ 

-fcT?ab* ; fc<&**(*U {fi<D«/£7c*0>a«l*M*>>* 

lTI.AI.Mn.SI. Ca*<BKB5c*A<»a 
<Ht?2 0%SflE*»«*iftTt^T<.ait5^t\. Sfc, 63 

tk-^SBMtttfcLTI*. MglClHJiiTA I . Tl, Ci 

(0 0 3 4) Mg#*H<tlBfe$tMiM B *wa<b«5i 

i*. ^y-^aiaii^fttto^y-^aiftiic^ 

t. *$EW1M*, tt^StfO. 002-0. ItfmOJM 
g#*BHbafc*lM*M ga»mt1{j* C*l£ttt LT 
«fttLfcift«<b«Si:A>6<C-&tt^-a6<0. 0 0 5-2// 
m<Da*a?-£ l x i o4 ~ i x i oB ffl/om2 ICE* 
r*„ «t^F«<DT»£»SLf::<&l*. T«*»(D*ft^e 

■ci* 1 ffl©«?-ftfcya)»«?t<b«A^+«-c»y. * 

O. HAZOt- X-r^-Y h«*W«|(©fctt<Dt:>Jt«) 

10 0 3 5) tt¥*af=oivctt. T|B**TI*9 'J- 
?a«fcl-t£ F L«xiHA2(0^-X-r^'f M;»r$ 
e>jt»a*^+»-C»y. -blfiH-Ctt^-X-r^'f 

htta«MB<bJ»«A<ttfa-*-*-5-<;. MBJbto 

[0036] ttfc. *ftW(-*J(+*|ft*<D@JE. 

attoajma^aaasa^TfT*)**;:^** 

4b#-frT«*>35ci>A«. 1 -3^«SJt-C 1 oaWfcLhls 

si*. wwroawttKDWcn^wtA^asu^. cm 
toHii «<ofe»ra)tt{b«9fiiai*ttsicaa4"D>ffi<t 

[0 0 3 7] tUt, Mg*^SMb49ft«,tM*MgS*K 



****»a-rsj6t. **wt?i*. t&mt 
a^itMittKfca^tti: LT*rtoL.f-aafbtot*f> 

<o»«i=fet^-c. aa<bi»a^*iBB*ic^a*i2--sr- 

tf>KI*. KK<bf»*aja-r«7r*$«M5c*i: Lt, » 
«*l-iStaLTB«*&6lW*»!ffl*l::BMb«5fc LT«f 

SBBia&tt, KHaf=iil,*T. Mga*H1t«B£JKeS 

ic#asi*$*»*a««NL.. 8ft»5c*?£fe>fl<Do 

wfc**l*fc*Ufc. JU*Wfc**fc LTI4. Of*!** 
BtfO. 001-0. 0 296tf>JBai=Mg, Ti, Al 

rj9#^aftA<0. 00 1-0. 0 2%<D»«lZMg. 

t i , a i saao-rfcicBfc. a i saai-atoLtr 
a. affluraw-tr-s-tj 
[oo3 8] r«t>?>. Mga*»<baro««»ao>r= 
»i=i*. Mgi6»ffj<7)®«*a>»»aaa**-r®s-r 
&&mwibZ. c*u*. o. oo i %£B-cm&a$*i 
$±»<btoaA<*+#i:&y o. 0 2%ffl-ei± 
ffl*<iafcttA%fii$n-c, aa*Bfttt«>flfta<x* 
l. ^•3extta<b«s»«wisizBiB»*ai:fr»tt^fc 
sf=»T?fc*. a*. »«*izMgsa»'r4i=BnuT 

I*. Mg£lt7*tt<. Mgfcte<Dfl&B5c*. »tTi. 

a i«>*ft)Mff6^&>aKa$a«L.. m b . ti. a 

I £BBtlcB*rr«*. MAtlzmtaT 4**1=1*. Mg 

t t i o«aa«*i*ro*>fci.>jj<. a i i--3^-a*«au 
it. Mgo, MgaattftaavtM-x-. aa^us 

S. *aic»«-C#5. Cat, A I £a<B4>%)|l 

$irr&fc«>. atta*a(oga<)?c a $afti-r$«* 

l=l*. M g b&m-&mti,i>\ M g £JM*lzaMio*-.5 

a*ici*. a i tmm\ a i<Dai=»ft]f Swt*<» 

(0 0 3 9) Mg, T I . A I . Biti C &tm* tzmtt 

«p'NaajT*a«i*<ownBjmiH<©ie»i*xaw«c»iiT? 

*SffiBT?fc;Kl*a7^tt*#*^<DK»l**£ < >s 
IS fcfiL. *tD(B»to*>&»a<08Un3r7*TM*2 h 

[0 0 4 0] ttfc. JBffl^lcSftjriMgOJJBKI*^ 
«Mg-C»o-Ct. F e » SI, N I , Cu 

mo 1 a* fci* 2 atLh^ a * *& * «* a t u fens 



COM B«*«t»ICIHJ*3ia:LV 
[004 11 KLtO>,fc5IC. Mg£»»<bfci3.fctft8» 

It. 7-0 »tt-tt. C02 »». 

7v-v58IS. T I G»«, M I Ga*8«*, x 

AtftiSlt. **l-l!Mt*-t?-A?Bft. U— 

4. 

[0 0 4 2] *SB(8a<i*)i:LTl^$*mi4$ 

HAZtsila>ia]±i:A<B!e*i5 0 ffi«tft¥«a^A<*» 

<D«#*t»mEBICJ;ySM£*LfcaL Ac 3 StlljSJa 
.t. 1 1 5 0°CJaT<&a«-0tt*fc&Lfc*tMi«A;h. 
SfTt^ *&C6 0 0iceU:. Ad KBi5*acDjlB 

•c«*ar. 

1 0 5 0-1 30 O'Clrflot&U *«ET»A< 
1 0-S0%T»EKIW!Jfia«*<9 5 0 , tJa±. EE»7 
a*A<9 0 0 c C«±©ttES*fT-5fc«. ft 
HET*Ji< 50-90WC. SiBflteM^ 9 0CC* 
i». O 0"CWJ:tf)tti;lf EStfTl\ 

3 0 0°CtelT*t?*flH&tt» 6 0 0°CJJl±. Acl SEB 

7». 3 0 0 c CJSlT*T?5~S0 o C/e-CJnS**ir 

to o a 3] <Do*&i*. w»ftt»fflgiic*o-c«<fi$ 

Mb»ai*A 03 KBSjSJJlJt. 1 1 5 0 WFff 
<bA^CT. SttSL W14wsfelbo>2SKA<fcy, i 1 50 

[0 0 4 4] ^JB^fflCOIbTfafiKS^TSWOfllAtt 

i4Ui>fc*>. *-xft-f h^ba<»»fflift<*«z(*(atA/ 
LTOTWtttfjiiaKijiA/^giiSi 



[0 0 4 5] fcfc. Lfc-&iM*«A*t 

bfciv fcfc-L, sMs<D«astt»£atfic«»-f*<&B 

ttA<fc£«§*(*, RMIBESEfCfclf *«M-<Dl5J!l08aiiaii 
1 3 0 0t*iBtrSwi:a<»$Ll>, 
[0 0 4 6] »X»fliSI- J: 

jiTfty, mx«Maaic«koT. x^-f-r home 
<b*/<><r-*<b (»*5*--XT-t-f Kb) i=«k*m:c 
2(DSlAli<fcoTa«tWlS*|B)±$-li-*. 

i*. i o 5 o~ i 3 o otizina u »«et*a< i o 

~5(m-t?EHM«ra**<9S0 , fcfcl.Ji, EB£W7«a 
A<9 0 0«fciU±<D«Ea«fr?fc«. 5I*«*, *«E 
W50-9 0%t. EBEW)Mi»ftA<9 0 0 , C*3L 
Ea«7aJSA<7 0 0 e Cia±fl)tt±lfEiiStTl.V 3 0 

o^iaT* eoo«cfeii» Aci 

(oo 4 7j am&Ani&aai*, ioso-uocc 
c*ttt. wi»a*^i o 5o°csit»T?* 
4t7ca«>»«ft*^+»fc^y. aa, ^ y-^ws 

dMKT-f 5fc:<&T?fcy, — ^, 1 3 0 O r 

t y aa>s9»ESi= *ot twiiMb a«f+ 

[004 8] ESI*fflffHttt±lfES^lC^rtTfT 
5 . «Effil*tt± If EiSHIICttW £Nff r s:t)i?±g 

#»-C. ^fcWIcJS^Ttt, ««ET«A<1 0-5 0% 

■cEKMttaa^9 5 o'ci&Lh. EBE»7aa*^9 o o 

e cw±t-r*. ««ET¥I*1 0%*aT»iir<D?5|Sft 

«Btt{b<Dfc»(zl**WETl|M***lWS L l> 
«fl>tt±lfEtt-ca>««ET**»«-r*ie«!/ l <*-5f I 

to6o%HTi=»3Er*. KEHoaai*. »«s 

*T«BttfcL. »0)tt±lfEii<Dtfta*a«)^jjSc0i5 
^©R^^MttfflflEligsotJiJLt. J67Sai*9 0 

oicia±i=aftr4. c*vi±, 8B»aa*<9 so^cfiT? 
it«Bttfc^+»T?»y. H7aaA<9oot*ai?&* 
t &o>tt±\f mma&mtfx&mizi&TTz -siiMitftbZ 

(0 0 4 9] fflEffi(&«(Ott±ifEHl*ra>ffli- W« 
ft|-<fc^lBlfHbi:, *W«AHtt»O)E5ilcJ;43!iniSE05 
j»A£§W£LT!t5. r«>lffltt<biilBtta>iai±i;. * 
WttftWt?<7)EiiLlcJ:4!taXgtf>SPAli^S, ^y-^ 
fttticoisuiztfJHrrfcS. tt±ifEH<o*fM*. R9E 
7*5 0-9 0%^ EJKWJ&aiagooic**, EEEf? 
7a«7 0 0 0 Ctl.ht-r&. 3RWET*A<5 0%*»-e 



£*. r<Z>li*Hb. S05S»AlCJ4UXtt**JTfc4A<. 9 

a*<DMHt K$^ei^itso~eo 
[00501 EHM^aati* 90 o°c*at-r4*<. c 

Hit 9 0 0 e CW±TM*&«fa±K*&£IEtt<DaAj!>«F 

+#£/i:*>-eft*. EB«raa*7 ootjwj: 

(006 1] BEiiE$»t?-3fcafl>^aili, ^ftWOflKf: 

aaaaTtWr^x^-r naA<K(SL£i*BBT?ft;H 

a«)WlII=^^>-y-f Ht»££7aF"fr*4>aA<ft*/i: 
*>. *a»li3 0 0*CWT*-C<fa^»A<»4. <fc 

sPA<»sn.**&*<ft£A<. -t<D«^icttftiis^ai0ja 

jbBllil 0 O'C/sfilTtf 6. 
[O 0 5 2 ] H8Wff2»l4«* • WttO«K(7?fc»|z« 
RLfflia^i&aT? ffilLMIte OCttGLk. 

Act as9/5*a<oBH£'rs. cfti*, ^eiwo 

(00 5 3) 

fiaa^na$ttaLfc. «2«n^«fiM^ 

««wtta <a«a««>3ia*m. is*, fu-^ 
M»ftfttatf«*cD^'j-^«aBf«ti. wit) <oanate 

(0054) «»(D§iawttiiffa^raj=m«<i»i3j 

ffla«nt siMmstaftUDfeWRttM- * c^rasa* 
iL>»A , >e»!£aLT. tsaaae oo~7 o ot. naps 

*5 0~2 0 0MPa -etU*£fr ^tz. -7U-^«SBf»tt 

<j5tt»i*. sfflaw«nwiza^t>TasLfc6oo\;x 

1 o^hJ8K5i«|-J;yiTofc„ «»<D«lttl*<iffil*2iiin 



T rs ) Tt?fiSLfcA<. Kttttli3l«l*tti:ia«, CTflS) 
(O O 5 5) a^ffttttAttl . SkJ/nnKDT ! GiBffi 

Sa«t<£*»K«8B (HAZ) (D^AI-JaSiol-. 

1*2 6«ml::«*L-C*&ll^S#j!fcL*:. Ktt* 

(0 0 5 6) a3©5%<DH*t»# (Bta«#) A 1 ~ 
A17I*. *aWO<b9Mflrit£WL* 6>-=>Mg**K*b 

ft, &ag1tftJ:&afc*)&ma£4b$*vfe«l?-a>*< 

ivc, *»w<7)aa^icj:y«ifiL/=aaTf&y. i» 
tfa»*a*<&*' j-^awfttt. m&ttmmz&m 
(0 0 5 7) raaizai. a2-e*a*i<&8!B£ 
roaaia, **wic.*:yMa£*ifcsw##A i ~a i 

1 ^ia±<D«tt*<:MIfZfcoTU*::£A<ffl£*T?ft 

(0 0 5 6) fl*r»#B 1~B7tt<t*afi£fc'StM*M 
fiS*Hfb«8. RB<b«»i:«H<b?9t(DaStf:£ftfc8t 

M g *<«ffll£*vCOfc^f;:«>. <F$tft*<,M**|««>4>6, 
SA LfcM g izfiH UfcM g ^*»1fc1»tt»a3^* 
<0<*>, Mg^Km fc*^«»BMb«Jt«t2<bfti: 

'J -:/«R&1SL »tt^**. ««#-9B2 

it, Mg«*aft]*ti.-ctN«t<D©T • ffftmnhx^te 

t^f=»l=. Mga*B8<b«i, »»<b«5t«ttS<b«!)tOffl[ 

A*b**vf=&*-<&#*saAH-#t?fc<, a», 
t^'j--^aa«tt, Wtt*<«*. ««a*e3f*, a 
i mtH&K&tzibK* M S aaKitM0!>aa««iea'd 

«»*B4i*. ca*<a«*fc*. »a»a«**»?H* 

»t? ft 5 . B 6 It. tf'J- ^«ttI5l±|z*Jtt ft 



[0 0 5 9] ~f5. fftt«4»B8~B9<$* it¥t&fSLR 



looeo] ja±o>»ie«A>^t. *jiaizj:*Lf«* « 

«<D»aC, *U-;/«fi»r»tt. Wit. «^(D?«J 

[006 1] 
MM J 
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